This study tested an innovative model for creating consumer-level 
Introduction
New initiatives for precision medicine come with greater opportunities for patients to receive truly individualized care. Oncology is at the forefront of precision medicine 1 , as new molecular targeted therapies and immunotherapies are increasingly used to treat cancer patients, including patients with melanoma 2 , lung cancer 3 , and renal cell carcinoma 4 . However, for the goals of precision cancer medicine to fully be realized, more genomic and clinical trial data must be collected, and the resulting knowledge must be properly communicated 1 . Patients will also increasingly need to be able to understand genetic testing results to fully comprehend their treatment options.
One barrier to the implementation of precision cancer medicine is a lack of understanding about basic genetic concepts 5 . Adults often have difficulty understanding genes, chromosomes, and other aspects of genetics 6, 7 . National K-12 genetics standards do not currently cover important genetic concepts, such as mutations or gene expression and regulation, and interpretation of these standards may lead to wide variation in how and to what extent educators teach the included concepts 8 . Genetic knowledge deficits can be particularly detrimental to patients' ability to understand and give informed consent for genetic testing 9, 10 or genomic sequencing 11 .
In light of these widespread deficits, easy-to-understand resources about precision medicine are needed. My Cancer Genome (MCG; mycancergenome.org) is a premier online informatics resource for precision cancer medicine knowledge providing information on therapies for specific tumor mutations 12 . Although it is written at the health professional-level, patients and caregivers still access the website. Other online resources available to patients include the National Library of Medicine's Genetics Home Reference 13 , Massachusetts General's Targeted Cancer Care website 14 , and 23andMe's "Genetics 101" videos 15 . Approximately 36% of American adults have basic or inadequate health literacy. A lack of understanding about basic genetic concepts and low health literacy, defined as "the ability to use literacy skills to read and understand written health-related information encountered in everyday life"
16 , may make these resources difficult to understand 17 .
We conducted a set of studies to evaluate a model, incorporating health literacy and learning style principles, for delivering information about precision cancer medicine therapies to patients and caregivers. In the first study, conducted in fall of 2014 18 we developed a consumer translation of information from My Cancer Genome regarding the BRAF V600E mutation in melanoma. The content was adapted to the sixth grade reading level and designed to incorporate preferences for learning via several learning style modalities, including preferences for learning via reading, listening, and watching. The material contained hyperlinks to videos, called knowledge pearls, that were developed to provide easy-to-understand explanations of genetic and cancer medicine concepts. Using a randomized, controlled study design, we found that the consumer version of the information was more effective in educating melanoma patients about the BRAF V600E mutation in melanoma than the My Cancer Genome website version with or without the knowledge pearls embedded. Learning was assessed by administering a knowledge questionnaire before and immediately after viewing the educational content.
In this study, building on the above-mentioned findings, we tested the generalizability of the model for delivering consumer-friendly information about precision medicine. We also assessed whether the changes in knowledge were long-lasting. Content from MCG about targeted therapies and immunotherapies was used for the evaluation because of these topics' broad applicability to multiple cancer types. The information was translated into a consumerfriendly format and hyperlinks to knowledge pearl videos were added to both the consumer and professional-level versions. A randomized, controlled study design with cancer patients and caregivers was used to evaluate differences in educational outcomes. We hypothesized that participants who received the consumer-friendly content with knowledge pearls would show greater improvements in knowledge test scores than participants who received the professional-level information with or without links to the knowledge pearls.
Methods
The study protocol was approved by the Vanderbilt University Institutional Review Board and the VanderbiltIngram Cancer Center Scientific Review Committee.
Setting
This study was conducted at the Vanderbilt-Ingram Cancer Center (VICC). A member of the National Comprehensive Cancer Network and designated by the National Cancer Institute as a Comprehensive Cancer Center, the VICC is on the cutting edge of new cancer therapies. The VICC is ranked in the top 10 nationally for grant support of cancer research and regularly has access to over 150 clinical trials 19 . Members of the VICC team developed the My Cancer Genome website and collaborated in the creation of the consumer-level content.
Participants
Patients and caregivers from the melanoma, lung cancer, and renal cancer clinics at the Vanderbilt-Ingram Cancer Center were recruited from April 16 -May 15, 2015. To be eligible, participants had to be 18 or older, be able to read and speak English, and either be a patient with melanoma, lung cancer, or renal cancer or be the caregiver for a participating patient. Exclusion criteria were imprisonment or cognitive impairment as determined by the clinical provider.
Study Design
After obtaining informed consent, participants were randomized equally to one of three groups ( Figure 1 ): Group A (control) received information on targeted therapies and immunotherapy in cancer taken directly from My Cancer Genome (http://www.mc.vanderbilt.edu/km/gl/pm/pmc-mcg.html); Group B received the same information from MCG embedded with hyperlinks to the knowledge pearl videos (http://www.mc.vanderbilt.edu/km/gl/pm/pmc-mcgp.html); Group C received a consumer-level version of the information from MCG, including hyperlinks to the knowledge pearls (http://www.mc.vanderbilt.edu/km/gl/pm/pmc-c.html). Participants were asked to provide information about age, race, gender, education level, occupation status, participant status (cancer patient or caregiver), and contact information. They were also asked to complete a subjective health literacy assessment, consisting of 3 questions 21 and to answer whether they would recall how to do something a year from now if they learned it by reading, listening, watching, and/or doing. Additionally, information about time since diagnosis, cancer stage, whether or not tumor profiling had been done, length of time as a Vanderbilt patient, and any current precision medicine therapies was determined via medical record review in StarPanel, VUMC's electronic medical record system 22 .
To assess changes in knowledge, we developed a 10-item knowledge questionnaire, which included multiple choice and true/false questions about precision medicine therapies (http://tiny.mc.vanderbilt.edu/questionnaire). The information needed to answer questionnaire items was addressed in all three versions of the educational material. Participants were initially asked to complete the questionnaire prior to viewing the educational material. They were then given the educational materials to view on an iPad. Web analytics data were collected during this session to assess intervention fidelity. Immediately after participants viewed the educational information, we re-administered the knowledge questionnaire.
After completing the post-test, participants were asked to rate their level of agreement, with answer choices strongly disagree, disagree, neither agree or disagree, agree, or strongly agree, with the following statements: the information I received was easy to understand; some of the information I received was confusing; I am satisfied with the information I received; the information I received taught me something new. Participants in Groups B and C were additionally asked to rate their agreement about whether the videos ("knowledge pearls") helped them understand the information they received, were easy to understand, or were confusing.
Participants were given a print copy of the materials they viewed to take home. Each handout also included a link to the online version of the content they viewed to allow participants to review the material after the clinic visit.
To assess participants' retention of any knowledge gains over time, we re-administered the knowledge questionnaire during a follow-up phone call about three weeks later. During the follow-up call, participants were also asked if they read the handout they were given or visited the website address provided on the handout since leaving the clinic. Finally, they were given an opportunity to share any additional thoughts about the information they received. The phone calls were conducted from May 7 -June 11, 2015. Participants who completed the study received a $25 gift card.
Development of Intervention Materials
Information from MCG, which was written at the college level, regarding the use of precision medicine in cancer was translated into a consumer-friendly format using an iterative process developed and refined in previous research phases 18, 23 . Briefly, the consumer-level content was aimed at the sixth grade reading level and informed by health literacy best practices. The scripts for the knowledge pearl videos were also targeted at the sixth grade reading level. The MCG knowledge pearl videos were each approximately one to two minutes long and incorporated multiple learning styles through the use of video, images, text, and narration. In creating the knowledge pearls, we chose to focus on fundamental genetic or cancer medicine concepts so that the pearls could be used in multiple applications and would not need as frequent updating as the consumer-translated text. The development of the knowledge pearls was informed by focus group studies, which included cancer patients and caregivers 18, 23 . The materials reflect the diverse health literacy 24 and content knowledge expertise of librarians, information scientists, oncologists, and members of the My Cancer Genome team.
Sample Size Determination
The primary objective of the study was to evaluate the educational effectiveness of consumer information about precision medicine therapies in cancer, which was assessed by comparing pre-, post-and follow-up knowledge test scores among the three intervention groups. With a two-sided significance level of 5% and 80% power, the study required a sample size of 27 individuals per study arm. To adjust for a 30% drop-out rate, the planned recruitment goal was 117 participants. The sample size calculation provided sufficient power to detect a 0.91x standard deviation (SD) difference between groups and was based on the assumption that the effect size is equal to the mean difference between groups divided by the standard deviation.
Statistical Analysis
All missing values were imputed using the multiple imputation approach with all relevant study variables: baseline score, post score, follow up score, group, cancer type, months since diagnosis, gender, education, age, and health literacy score. Multivariable linear regression was used to estimate the intervention effect on (1) post-knowledge test score and (2) follow-up knowledge test score, adjusted for pre-knowledge test score (baseline assessment), as well as other covariates (i.e. age, education and health literacy). Residual analysis was used to check the linear regression assumptions of homogeneity for variance, normality and linearity. The final model was decided based on likelihood ratio tests for comparing three models (with and without education or health literacy) as well as adjusted R 2 . All tests were significant at the two-sided 5% level. Analyses were performed in R 3.1.0, and the study statisticians were blinded to the group assignment.
Results
One-hundred and seventeen participants were randomized in a 1:1:1 ratio to one of the three groups (Figure 2 ). Eight participants withdrew during the clinic visit, and data for two participants were excluded from analysis as they did not meet eligibility criteria. Pre-and post-knowledge questionnaire data were analyzed for the remaining 107 participants (n = 34, 37, and 36 for Group A, B, and C, respectively). Thirteen participants were lost to follow-up. Most of the participants were white and had at least a high school education (Table 1) . A higher percentage of participants were cancer patients in Group A (65%) than in Groups B and C, (59% and 58%, respectively). A higher percentage of participants in Group B (52%) reported a household income greater than $75,000 than in Group A (23%) or Group C (35%). The percentage of participants with adequate health literacy in the three groups was 82% in Group A, 89% in Group B, and 83% in Group C (Table 2) . Nearly half the participants in each group indicated preferences for learning via multiple modalities (Table 2) . The mean post-and follow-up test scores were higher for all groups compared to the pre-test scores (Table 3) . A multivariable linear regression revealed that Group C showed a significantly greater improvement in post-test score (p = 0.0308) compared to Group A (Table 4 ). There was no significant difference detected between Groups A and B in post-test score (Table 4) . Group C showed a greater improvement in three week follow-up test score compared to Group A; however, the multivariable linear regression showed that the group difference was not statistically significant at the two-sided 5% level (Table 5 ). There was also no significant difference detected between Group B and Group A in follow-up test score (Table 5) . There were significant group differences (Figure 3) , as assessed by Fisher's exact tests, in whether the participants thought the information was easy to understand (p = 0.01), was confusing (p = 0.014), and if they were satisfied with the information (p = 0.03). The percentage of participants who either agreed or strongly agreed that the information was easy to understand was highest in Group C (77.3%) compared to Group B (54.1%) and Group A (31%). The percentage of participants who agreed or strongly agreed that they were satisfied with the information was also highest in Group C (75%) compared to Group B (70.1%) and Group A (41%). There were no statistically significant group differences in participant responses regarding whether they thought that they learned something from the information (p = 0.063). There were also no statistically significant differences between Groups B and C regarding responses to whether the videos were useful (p = 0.052), easy to understand (p = 0.44), or confusing (p = 0.215). The percentage of participants in Group B who agreed or strongly agreed that the videos were useful, easy to understand, and confusing were 96%, 87%, and 0%, respectively. For Group C, the percentage of participants who agreed or strongly agreed that the videos were useful, easy to understand, and confusing were 89%, 96%, and 7.8%, respectively. Figure 3 . Graphical representation of the percentage of participants who strongly disagreed, disagreed, neither agreed or disagreed, agreed, or strongly agreed to statements about whether the information was easy to understand, if they were satisfied with the information, if some of the information was confusing, and if they learned something (A) and whether the knowledge pearl videos helped them understand the information they received (labeled "useful" in the figure), were easy to understand, or were confusing (B). Note that the legend in A also applies to B.
Web analytics data revealed that 78% of participants in Group B and 86% of participants in Group C viewed at least one of the knowledge pearl videos. The knowledge pearls viewed by at least half of participants were antibody, protein, and targeted therapy for Group B and genetic testing and targeted therapy for Group C ( Table 6 ). The mean duration participants spent viewing the intervention materials was 12.1 (SD = 7.03 minutes; n = 30), 21.6 (SD = 17.6 minutes; n = 34), and 17.3 (SD = 35.3 minutes; n = 36) minutes, for Groups A, B, and C, respectively. The median follow-up phone call interval was 22 days for all three groups (Table 7) . At follow-up, 32 participants (94%) in Group A, 25 participants (86%) in Group B, and 28 participants (90%) in Group C reported that they kept the educational information handout they were given during their clinic visit. Fifteen participants (44%) in Group A, 7 participants (24%) in Group B, and 12 participants (39%) in Group C indicated that they read the handout since leaving the clinic. Only one participant reported viewing the website version of the material after leaving the clinic. 
Discussion
In this study, we found that participants who viewed the consumer version of the information about precision medicine with the knowledge pearls embedded (Group C) showed significantly greater knowledge gains immediately after viewing the information than the control group (Group A). Participants who viewed knowledge pearls (Groups B and C) showed a high level of satisfaction with the videos. These findings were consistent with our previous study 18 in which we evaluated understanding of information about a specific tumor mutation in melanoma. Taken together, these studies suggest that adherence to health literacy and learning style principles when designing consumer educational information can facilitate comprehension of complex information regarding genetics and cancer medicine.
While Group C showed greater gains in knowledge immediately after viewing the information relative to Group A, these differences were no longer apparent at the three week follow-up. The majority of the participants in the study indicated that they had not read the information given to them or visited the website version of the information since their clinic visit. These findings suggest that patients may need reminders to re-examine the information periodically and that patients would benefit from ongoing review of the information.
One limitation of the study is the lack of racial diversity among the study population. Most the participants were white. It will be important in future studies to determine whether the findings from this study are still applicable in non-white populations. Another limitation is that a majority of the participants had adequate health literacy. Given that the consumer information was written at the sixth grade level and developed by adhering to health literacy and suitability guidelines, we would predict that our findings would still be applicable in more diverse populations, particularly those with lower health literacy.
Research has shown that cancer patients want to participate in decisions about their care 25 . Although healthcare providers are often cancer patients' main source of information, patients increasingly seek information from other sources, especially the Internet 26 . Patients looking for genetic information may be more likely to turn to the Internet instead of a healthcare provider 6 . However, evaluations of the state of online consumer health information indicate that attempts to keep it current are often a losing battle. To help meet the need for reliable, patient-friendly cancer information, the consumer content that we have developed will be made freely available online.
Several studies of popular online resources for various cancers have found that much of the content available has not been recently updated or does not indicate the last date of update [27] [28] [29] [30] [31] [32] . Failure to revise online materials to reflect new developments can lead to significant inaccuracies in the information patients access. For instance, one study 29 found that 12 of 38 websites (32%) with bladder cancer information included inaccuracies, largely due to outdated information. It has been suggested that one way to circumvent this problem is to redirect patients to clinicaltrials.gov and similar resources so they can stay abreast of emerging therapies 28 . However, many patients who discover a new precision medicine therapy in this manner may still have difficulty fully understanding its implications for their care. The MCG website was created using a template structure to facilitate updating. By adhering to a similar template design, the consumer versions may more easily be revised concurrently with the professional-level text.
Conclusion and Future Directions
As precision medicine moves to the forefront of patient care, it is becoming increasingly important to ensure that patients are readily able to understand their genetic results and communicate with their care team members. The knowledge pearls created through this project may be reused by oncologists and others to help patients understand complex precision medicine concepts and facilitate patient engagement in the healthcare process. Future opportunities for broader scalability could easily include the integration of the knowledge pearls into a variety of information systems, such as online patient portals designed to communicate to patients their health information. Informed by awareness of the difficulties and limitations of translating constantly evolving information to the consumer level, our approach of providing freely available consumer-friendly explanations of fundamental concepts offers a reusable and scalable alternative to traditional patient education efforts that can be applied to expand consumer knowledge in a variety of medical fields.
